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Association between alcohol consumption and incidence of
dementia in current drinkers: linear and non-linear mendelian
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Summary

Background Previous conventional epidemiological studies found a J-shape relationship between alcohol consump-
tion and dementia, but this result was subject to confounding biases and reverse causation. Therefore, we aimed to
investigate the potential linear or non-linear causal association between alcohol consumption and the incident risk of
dementia in current drinkers.

Methods This study used data from the UK Biobank to investigate the relationship between alcohol consumption and
dementia risk. 313,958 White British current drinkers, who were free of dementia during 2006-2010, were followed
up until 2021. Alcohol consumption was self-reported and calculated according to the National Health Service
guideline. The primary outcome was all-cause dementia identified through hospital and mortality records. We
used multivariable Cox models with restricted cubic splines for conventional analysis and both non-linear and
linear Mendelian Randomization (MR) analyses to assess causal relationships, employing a genetic score based on
95 SNPs identified from a meta-genome-wide association study of 941,280 people from Europe.

Findings 313,958 current drinkers consumed an average of 13.6 [IQR: 7.1-25.2] units/week alcohol (men averaged
20.2 [11.1-33.9] units/week and women 9.5 [5.3-16.7] units/week). During a mean follow-up of 13.2 years, 5394
(1.7%) developed dementia. Multivariable Cox model with restricted cubic spline functions identified a J-shaped
relationship between alcohol consumption and dementia risk, with the lowest risk at 12.2 units/week. The non-
linear MR failed to identify a significant non-linear causal relationship (p = 0.45). Both individual-level (HR: 2.22
95%CI [1.06—4.66]) and summary-level (1.89 [1.53-2.32]) linear MR analyses indicated that higher genetically
predicted alcohol consumption increased dementia risk.

Interpretation This study identified a positive linear causal relationship between alcohol consumption and dementia
among current drinkers. The J-shaped association found in conventional epidemiological analysis was not supported

by non-linear MR analyses. Our findings suggested that there was no safe level of alcohol consumption for dementia.
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Research in context

Evidence before this study

Previous conventional epidemiological studies found a J-shape
relationship between alcohol consumption and dementia, but
this result was subject to several biases. Mendelian
randomization (MR) analysis in genetic epidemiology studies,
is similar to a “genetic randomized control trial” due to the
random allocation of genotypes from parents to offspring,
and thus, not affected by reverse causation and is
independent of confounding factors that may influence
disease outcomes. Therefore, we searched PubMed, Web of
Science, and the Cochrane Library databases for studies
published in English from database inception to December 30,
2023, that investigated the causal relationship between
alcohol consumption and dementia risk, using the terms:
(“alcohol consumption”, “alcohol use”, or “drinking”) and
(“dementia”, or “Alzheimer”) and “mendelian randomization”.
Two previous two-sample MR studies showed that genetically
predicted alcohol consumption was not associated with
dementia. However, both analyses were based on summary-
level data and traditional linear MR, the heterogeneity of
different data source may diminish statistical efficacy and

Introduction

The estimated number of people with dementia would
increase from 57.4 million globally in 2019 to 152.8
million by 2050," highlighting the pressing need for
effective preventive measures and public health strate-
gies. Heavy drinking was recognized as a modifiable
dementia risk factor, but the impact of light-to-moderate
alcohol consumption is still under debate.? Ethical con-
straints on conducting randomized control trials in the
relation between alcohol consumption and dementia
leave conventional epidemiological studies prone to
biases. Notably, “abstainer bias” as one of selection bias,
refers to abstainers probably chose not to drink or quit
drinking for health reasons, leading to biased results.’
Furthermore, previous studies might exclude alcohol
consumers with early cognitive decline signs or overlook
the interaction between alcohol use and other diseases
risks leading to premature mortality before dementia
diagnosis. Consequently, evidence on the association
between light-to-moderate drinking and dementia risk is
mixed. Some studies indicate light-to-moderate drinking
is associated with lower dementia risk compared to ab-
stainers and heavy drinkers,”* but others find no asso-
ciation.®” Further, the protective association between
light-to-moderate alcohol consumption and dementia
might be confounded by healthier lifestyle choices
prevalent among moderate drinkers or the socio-
economiic factors influencing alcohol consumption pat-
terns. Drinking behaviors are related to many lifestyle

linear MR may yield negative results if the J-shape relationship
between alcohol consumption and dementia really exists.

Added value of this study

This study employed both linear and non-linear Mendelian
randomization analyses on a large sample from the UK
Biobank, specifically focusing on current drinkers of White
British descent. Our findings contradicted the widely reported
J-shaped relationship by demonstrating a positive linear
association between alcohol consumption and the incidence
of dementia among current drinkers. This study highlighted
that no level of alcohol consumption is safe in terms of
dementia risk.

Implications of all the available evidence

MR studies clarify the causal relevance of alcohol intake with
diseases by accounting for confounding biases and reversal
causation in conventional epidemiological studies. The linear
and non-linear MR provides evidence on linear causal harmful
effects of alcohol use on dementia. This finding improves our
understanding of the adverse effects of alcohol use on
dementia among current drinkers.

factors, which couldn’t be controlled in most conven-
tional epidemiology studies. These limitations high-
lighted the challenges of confounding and reverse
causality in alcohol-related epidemiology studies.

Mendelian randomization (MR) analysis in genetic
epidemiology studies, is similar to a “genetic random-
ized control trial” due to the random allocation of ge-
notypes from parents to offspring, and thus, not affected
by reverse causation and is independent of confounding
factors that may influence disease outcomes.® Previous
MR studies assessing the relationship between alcohol
consumption and dementia were based on the linear
assumption, which did not establish a causal connec-
tion.”’* Consequently, it remains unknown whether the
observed negative association between alcohol con-
sumption and dementia among the light-to-moderate
drinkers is causal. Non-linear MR is an extension to
standard MR that first stratifies the population based on
levels of exposure, and then conducts separate linear
MR analyses within each stratum." To our knowledge,
there is no study on the non-linear causal relation be-
tween alcohol consumption and incident risk of
dementia.

This study aimed to fill this gap by conducting both
linear and non-linear MR analyses within the same
population-based cohort among current drinkers, aim-
ing to test whether the observed protective effect of
light-to-moderate alcohol consumption and dementia is
causal. All the analyses were stratified by sex to re-
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estimate the association between alcohol consumption
and dementia risk.

Methods

Study design

In the present study, we first conducted a conventional
epidemiology study using a multivariable Cox model
with restricted cubic spline functions to explore the non-
linear relationship between alcohol consumption and
the risk of dementia among current drinkers. We then
further applied genetic epidemiology studies with both
non-linear and linear MR to investigate their potential
causal relationship. All analyses were stratified by
gender to account for sex-specific effects.

Study population

The UK Biobank (UKB) served as the foundation for this
study, comprising a community-based cohort of over
500,000 individuals from 22 assessment centers across
the United Kingdom, recruited between 2006 and
2010."” At baseline, participants provided informed
consent and a wealth of sociodemographic, clinical, ge-
netic, and lifestyle data, including detailed accounts of
alcohol consumption. Participants were included based
on completed the alcohol consumption questionnaire
and available genetic data.

Ethnic information was self-reported by participants
at baseline. Analyses were restricted to white British
individuals to minimize potential confounding of MR
analyses by genetic ancestry. We included only current
alcohol drinkers for the following two reasons. First, this
study aimed to provide practical implications only for
drinkers, without any intention to encourage non-
drinkers to consume alcohol. Second, a focus on cur-
rent drinkers should limit potential selection biases and
confounding, and account for significant differences in
characteristics between drinkers and non-drinkers
(Appendix p 5-6). Thus, individuals with zero unit/
week alcohol consumption, including abstainers and
current drinkers with zero consumption were excluded.
Exclusions were applied for any mismatch between self-
reported and genetic sex, chromosomal anomalies, and
cases of prevalent dementia at baseline, leaving 313,958
participants in the final analysis (The following chart
showed in Fig. 1a).

Measures of alcohol consumption

Alcohol consumption was assessed based on self-
reported weekly/monthly intake of various types,
including wines, beer/cider, spirits, and others. Ac-
cording to the National Health Service (NHS) guide-
lines, weekly units were defined as follows: a drink/
week alcohol of wine = 1.5 units/week; a drink/week
alcohol of champagne plus white wine = 1.5 units/
week; a drink/week alcohol of beer/cider = 2.8 units/
week; a drink/week alcohol of spirits = 1 unit/week; a
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drink/week alcohol of fortified wine = 1 unit/week; a
drink/week alcohol of others = 1.5 units/week. Total
weekly alcohol consumption was summarized across
all categories. When the weekly alcohol consumption
was not available, but the monthly alcohol consump-
tion was available, divide the monthly alcohol con-
sumption by 4.3 to convert to weekly alcohol
consumption. Alcohol consumption was categorized as
‘Safe’ (<14 units/week) and ‘Unsafe” (>14 units/week)
following Alcohol Change UK and UK Department of
Health guidelines.*

Measures of outcome

The incidence of all-cause dementia was obtained from
UKB routinely collected healthcare data, including hos-
pital admissions and mortality records, aligned with the
International Classification of Disease 10 codes, and
supplemented by algorithmically defined outcomes and
self-reported conditions (Appendix p 7). Utilizing the
routinely collected healthcare datasets for incident de-
mentia is reliable, with a positive predictive value (PPV)
of 82.5%." However, the positive predictive value for the
diagnosis of dementia subtypes is less reliable, with
71% for Alzheimer’s disease (AD) and 44% for vascular
dementia (VD). Consequently, this study only focused
on all-cause dementia, but did not distinguish AD and
VD due to lower diagnostic precision with UKB data.
Follow-up duration was calculated from baseline to the
earliest of first dementia diagnosis, loss to follow-up,
death, or censoring (2021-11-12).

Covariables

Covariates included sociodemographic and health-
related variables potentially associated with dementia
risk. Gender was self-reported at baseline, and any
mismatches between self-reported and genetic sex were
excluded to maintain consistent gender categorization.
Age was divided into three categories: <45, (45-65], and
>65 years. Education levels were detailed as higher ed-
ucation/vocational (including college or university de-
grees and other professional qualifications), secondary
education (encompassing all stages of secondary edu-
cation), and other. Socioeconomic status was deter-
mined using the Townsend deprivation index,
segmenting the cohort into least, middle, and most
deprived groups. The areas were defined in terms of
administrative boundaries (encompassing England,
Scotland, Wales, and Northern Ireland). For health-
related variables, BMI was categorized according to
WHO guidelines into underweight (<18.5), normal
weight [18.5-25), overweight [25-30), and obese
(>30 kg/m?). Smoking status, derived from self-reports,
included never, former, and current smokers. Physical
activity was assessed through metabolic equivalent task
minutes per week, divided into insufficient, sufficient,
or additional levels based on tertiles.” Sleep duration
was classified into less than 6 h, 6-9 h, and more than
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A Selection of eligible participants

502,370 participants :

participants among
White British

R g

313,958 Current drinkers
among White British

94,290 excluded due to genetic information:
15,207 excluded for no genetic data
837 excluded for low genetic data quality:
With sex chromosome aneuploidy (n=651)
Inconsistent reported and genetic sex (n=367)
i 78,246 excluded due to ethnicity
i Self-reported white British without genetical
| ancestry (n=50,291)
Self-reported non-white British (n=27,955)

______________________ ,
v
408,080 White British :
_____________________ h
" L

407,893 Eligible R
93,935 excluded due to alcohol information

i 350 excluded for no alcohol information

i 13,946 previous drinkers :
12,780 lifelong abstainers
i 66,859 current drinkers with zero unit/week alcohol
i consumption

B Selection of SNPs related to alcohol consumption

99 SNPs from meta-GWAS in
941,280 participants®’

\ 4 i

95 SNPs

------------------- > 1 SNP excluded due to no information:
Information of rs2532276 is missing in the UK
i Biobank

------------------- » 2 SNPs related with other factors excluded: :
v rs1260326 is related with fasting plasma glucose
i rs28929474 is related with a-1-antitrypsin

: 1 SNP related to the confounders excluded:
rs13024996 is related with education level among
i lifelong abstainers

Fig. 1: Selection of eligible participants and single nucleotide polymorphisms (SNP) of alcohol consumption in this study.

9 h of sleep. Presence of cardiometabolic diseases
(including myocardial infarction, heart failure, hyper-
tension, and type 2 diabetes mellitus) and stroke at
baseline were calculated based on UKB first occurrence
or algorithm-defined outcomes.'® Participants’ APOE &4
allele status, a known genetic risk factor for dementia,
was identified by the presence of one or more €4 alleles
(rs429358 and rs7412).

The genetic instrument for alcohol assumption

The alcohol consumption genetic score (Alcohol-GS)
was developed as a genetic instrument by calculating a
weighted genetic score based on 95 single nucleotide
polymorphisms (SNPs) with their respective associa-
tions with alcohol consumption. These SNPs were
selected from a comprehensive genome-wide associa-
tion study (GWAS) encompassing 941,280 participants,

www.thelancet.com Vol 76 October, 2024


http://www.thelancet.com

Articles

which identified 99 SNPs specifically linked to alcohol
consumption, confirming their specificity to alcohol
consumption without strong links to smoking behav-
iors.” Despite the UKB sample contributing to approx-
imately 30% of the GWAS cohort, a weighted genetic
score could potentially mitigate bias.”® The detailed SNP
selection process was shown in Fig. 1b and Appendix p
2. EFach SNP was coded as 0, 1, or 2 to signify the
number of alleles linked to increased alcohol con-
sumption. Appendix p 2-3 provided details for the
calculation of the Alcohol-GS and its assessment as a
genetic instrument adheres to three assumptions of
MR: (1) associated with alcohol consumption (logio
(unit/week); (2) not associated with confounders; (3) not
directly associated with dementia risk. The Alcohol-GS
accounted for 15.5% of the variance in log-
transformed weekly alcohol consumption in the UKB,
with an F-statistics of 1228.4 (Appendix p 17).

Statistics

Alcohol consumption data were log-transformed
(logio (unit/week)) due to their skewed distribution,
with results reported in the original unit (unit/week)
for clarity. The baseline characteristics of the partici-
pants were described by the mean and standard de-
viation (SD) for normal distributed continuous
variables, the median with interquartile range (IQR)
for non-normal distribution continuous variables, and
proportions for categorical variables. To identify dis-
parities between genders, standardized differences
were calculated, with absolute values greater than 0.1
indicating significant differences between men and
women drinkers."

Initially, multivariable Cox proportional hazards
models with restricted cubic spline functions were used
to assess the nonlinear relationship between alcohol
consumption groups and dementia incident risk. The
validity of the proportional hazard assumption was
confirmed using Schoenfeld residuals, with a resulting
p-value of 0.11. The model was adjusted for sex, age,
area, APOE status, education level, and socioeconomic
status. For graphical representation, the alcohol con-
sumption level associated with the lowest risk of de-
mentia was designated as the reference point.

Subsequently, we applied non-linear MR analysis
with a residual stratification method on log-transformed
alcohol consumption. The normal distribution of log-
transforming alcohol consumption satisfied the pre-
condition for the residual non-linear MR. Linear MR
estimations quantified localized average causal effects
across ten stratified groups based on residual alcohol
consumption levels. These estimates reflected the
localized average causal effects within each stratum,
allowing us to compare the effects of alcohol con-
sumption across genetic backgrounds. For sensitivity
analysis, we adopted the doubly-ranked stratification
method, which offers a robust approach to address
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potential violations of constant genetic effects.”
Furthermore, to assess the suitability of both
non-linear MR methods for alcohol consumption, we
utilized the established correlation between alcohol
consumption and alcoholic hepatitis as a positive con-
trol, while age, which is unaffected by alcohol con-
sumption, served as a negative control. This approach
was employed to ascertain the reliability and specificity
of our findings. Further details on non-linear MR
analysis methods are available in Appendix p 3—4.

Given the lack of a non-linear MR association be-
tween alcohol consumption and dementia, we inte-
grated individuallevel and summary-level linear MR
analyses to assess the causal effect of alcohol con-
sumption on dementia. The individual-level analysis
used Alcohol-GS as the instrument variable, aggregating
the effect size of multiple SNPs to enhance the statistical
power to detect associations. Conversely, the summary-
level analysis directly used 95 SNPs as instruments,
which could more easily assess the robust estimate and
adjust for pleiotropy.

In individual-level linear MR analysis, we fitted a
two-stage least-squares regression with Alcohol-GS to
assess the causal relationship between alcohol con-
sumption and dementia risk. We included death as a
competing risk in a sensitivity analysis. The first stage
involved linear regression to estimate alcohol con-
sumption (logjo (unit/week)) from Alcohol-GS, applied
with both basic and competing risk models. The second
stage utilized a Cox proportional hazards model to
evaluate the association between genetically estimated
alcohol levels and dementia risk in the basic model, with
the competing risk model further adjusted for mortality.
Adjustments in both stages included age, sex, assess-
ment centers, genotyping arrays, and the top 20 genetic
principal components. While acknowledging the po-
tential subgroup analyses to produce spurious associa-
tion,” we aimed to evaluate the robustness of our
finding and verify the consistency of the direction effect
with the main result. Therefore, we conducted the
subgroup analyses by age, socioeconomic status, edu-
cation level, BMI, smoke status, sleep duration, physical
activity level, and APOE e4 status in the sensitivity
analysis.

In summary-level linear MR analysis, we obtained
SNP-specific Wald estimates (quotient of genetic as-
sociation on dementia and genetic association on
alcohol consumption (log;o (unit/week)) and then
meta-analyzed them wusing Inverse Variance
Weighted (IVW) with multiplicative random effects.
To address directional pleiotropy, we employed
MR-Egger and the Weighted Median as sensitivity
analyses. To address the potential bias of sample
overlap in one sample, we implemented a 10-fold MR
strategy. We further performed summary-level two-
sample MR analysis as the sensitivity analysis
(Appendix p 4-5).
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All statistical tests were estimated by 2-sided tests. A
p value less than 0.05 was considered significant. All
analyses were undertaken using R.

Ethics

The UK Biobank obtained ethical approval from the
Research Ethics Committee (REC reference 11/NW/
0382), and all participants provided written informed
consent.

Role of the funding source

The funder of the study did no participate in the design
of study, the collection, analysis, or interpretation of
data, the writing of the manuscript, or the decision to
submit the manuscript for publication.

Results

Baseline characteristic

Out of 313,958 current drinkers, 5394 individuals
(1.7%) were diagnosed with dementia during an average
follow-up year of 13.2 years (SD 2.0). The median weekly
alcohol consumption was 13.60 units (IQR 7.10-25.20).
About half of current drinkers (48.6%) exceed the UK’s
recommended alcohol intake threshold of 14 units per
week. Additionally, the cohort showed a balanced
gender distribution, but women represented the double
proportion of men in the safe alcohol consumption
group, the pattern reversed in the unsafe alcohol con-
sumption group (Table 1).

Findings from restricted cubic spline Cox
Proportional Hazards analyses

The multivariable Cox Proportional Hazards analyses
with restricted cubic spline functions revealed a J-sha-
ped relationship between alcohol consumption and de-
mentia risk among overall current drinkers, with a
significant non-linear test (p = 0.04) (Fig. 2). The lowest
dementia risk was observed at an alcohol consumption
level of 11.9 units/week, which was smaller than the
recommended threshold of 14 units/week. A similar J-
shape pattern appeared for men, with the lowest de-
mentia risk at 16.8 units/week (p = 0.04). While for
women, the analysis did not reveal a significant non-
linear relationship, with minimal risk observed at 8.4
units/week.

Findings from non-linear mendelian randomization
analyses

The non-linear MR analysis showed no significant de-
viation from a linear relationship between genetically
predicted alcohol and dementia risk in the overall cur-
rent drinkers (Non-linear test of p = 0.45). However, a
significant positive correlation was identified (p = 0.02),
with no significant heterogeneity (Cochran Q p = 0.34;
Fig. 3). Sensitivity analyses applying the double-rankly
stratification non-linear MR showed a similar result

(Appendix p 22). Appendix p 18 showed significant as-
sociations between Alcohol-GS and alcohol consump-
tion across the strata by both non-linear MR methods.

In gender-specific analysis, no significant non-linear
correlation was observed between genetic alcohol con-
sumption and dementia risk in either men or women (p
for non-linear test were 1.00 in men and 0.20 in women)
(Fig. 3). Men did not exhibit a statistically significant
genetic correlation with dementia risk (p = 0.43 and
Cochran Q p = 0.83). Conversely, women showed a
significant positive association but with significant het-
erogeneity (p = 0.005 and Cochran Q p = 0.01).

In sensitivity analyses, the positive control confirmed
a strong positive correlation (p < 0.001) between genet-
ically predicted alcohol consumption and alcoholic liver
disease, without evidence of non-linearity or significant
heterogeneity. The negative control analysis showed no
significant association between genetically predicted
alcohol consumption and age. All these results rein-
forced the reliability and specificity of the non-linear MR
analysis (Appendix p 23-24).

Findings from linear mendelian randomization
analyses
The individual-level linear MR analysis provided robust
evidence that an increasing genetically predicted alcohol
consumption was associated with an increased risk of
dementia (HR 2.22 [95% CI 1.06—4.66]) among overall
drinkers. Further analysis considering competing risk
events confirmed the causal genetic relationship (3.78
[1.33-10.8]; Table 2). Subgroup sensitivity analyses
revealed consistent positive correlations across various
strata between genetically predicted alcohol consump-
tion and dementia risk (Appendix p 19).

Summary-level linear MR as complementary analysis
identified similar findings, the effect estimates were
broadly consistent between IVW (HR 1.89 [95% CI
1.53-2.32]) and the pleiotropy robust methods as MR-
egger (2.35 [1.73-3.23]) and weighted median (2.41
[1.76-3.30]) in one-sample MR with a 10-fold method to
overcome the overfitting. For sensitivity analysis, we
further conducted the two-sample summary-level MR
from two independent studies to test the robustness of
the MR estimates (Appendix p 20). IVW method yielded
similar findings (1.62 [1.08-2.44]), the other two MR
methods did not reach statistical significance (MR-
egger: 1.60 [0.70-3.68]; weighted median MR: 1.67
[0.91-3.07]). However, they maintained the same
directional effect between genetically predicted alcohol
consumption and dementia risk, suggesting a coherent
pattern. Additionally, MR-Egger analysis in this context
also found no evidence of pleiotropy among drinkers,
reinforcing the absence of bias in our observed
associations.

Linear MR analyses underscored a positive genetic
linkage in women (HR 3.25 [95% CI 0.98-10.8]), which
was further affirmed in analyses considering competing
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risks (7.73 [1.47-40.7]). Although the results for the men
were not statistically significant, the direction of effect
was consistent with the results among overall drinkers.
Summary-level MR analyses confirm a positive link
between genetically predicted alcohol intake and de-
mentia risk across genders (Table 2).

Discussion

The conventional epidemiology analysis showed a
J-shaped association between alcohol consumption and
dementia among current drinkers. Nevertheless, the
non-linear MR analysis did not detect the non-linear
causal relationship between genetically predicted
alcohol consumption and the risk of dementia. The
linear MR analysis identified a linear causal relationship
between alcohol consumption and dementia among the
current drinkers.

In multivariable Cox regression analyses, we found
that the moderate alcohol consumption group exhibited
a protective effect with the risk of dementia, compared
with the light alcohol consumption group, and the
non-linear model result indicated a J-shaped association
between alcohol consumption and the occurrence of
dementia among current drinkers. These results are
similar to findings from the most comprehensive and
recent meta-analyses in conventional epidemiological
studies.*** However, none of the studies recommended
the abstainers to drink for the prevention of dementia,
because these conventional studies are susceptible to
selection biases, confounding, and reverse causality and
alcohol drinking may lead to also other health problems.
Moderate drinkers might practice principles of moder-
ation in other areas of life that live a healthier life than
others,” while abstinence might indicate withdrawal
from leisure activities that were not beneficial for pre-
venting cognitive decline.” In particular, socioeconomic
status influenced the amount and type of alcohol
consumed, and as such, might play an important con-
founding role in the alcohol-dementia relationship.”” As
mentioned before, a major bias in alcohol epidemiology
is the “abstainer bias”, referring to the phenomenon
that abstainers probably choose not to drink or quit
drinking for health reasons. Therefore, the abstainer
group may have worse health status than the light-to-
moderate drinkers. To account for this bias, lifetime
abstainers were used as a reference group against
drinkers. However, as young adults who have a limiting
long-standing illness are more likely not to drink
alcohol, the life-time abstainers might also be very
different from drinkers.”® This discrepancy can lead to
an exaggerated perception of the protective benefits of
light-to-moderate drinking. Addressing abstainer bias, a
study focusing on current alcohol drinkers found a
negative association between alcohol consumption and
cognitive function in a dose-response manner.” This
study highlighted the potential overestimation of
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consumption showed the median [P5s, Ps].

Overall Men Women SMD*?

No of participant 313,958 157,087 (50.03) 156,871 (49.97)
Follow-up years, year” 13.2 + 2.0 131 %22 13317 0.12
Alcohol consumption, unit/week® 13.6 [7.1, 25.2] 20.2 [11.2, 33.9] 9.5[5.3, 16.7] 0.40
Alcohol intake, n (%)

<14 units/week 161,314 (51.4) 53,751 (34.2) 107,563 (68.6)  0.69

>14 units/week 152,644 (48.6) 103,336 (65.8) 49308 31.4)  0.69
Age, year” 56.8 + 8.0 56.5+7.9 56.5+7.9 0.09
Age group, n (%)

<45 year 37,029 (11.8) 18,116 (11.5) 18,913 (12.1) 0.02

(45, 65] year 230,583 (73.4) 113,167 (72.0) 117,416 (74.8)  0.06

>65 year 46,346 (14.8) 25,804 (16.4) 20,542 (13.1)  0.09
Socioeconomic, n (%)

Least deprived 70,585 (22.5) 35,096 (22.3) 35489 (22.6)  0.01

Middle deprived 195,329 (62.2) 96,744 (61.6) 98,585 (62.8)  0.03

Most deprived 48,044 (153) 25,247 (16.1) 22,797 (145)  0.04
Education, n (%)

Higher or vocational 174,251 (55.5) 91,223 (58.1) 83,028 (52.9) 0.10

Upper or lower secondary 77,536 (24.7) 33,901 (21.6) 43,635 (27.8) 0.14

Other 62,171 (19.8) 31,963 (203) 30,208 (19.3)  0.03
BMI group, n (%)

<18.5 kg/m? 1360 (0.4) 304 (0.2) 1056 (0.7) 0.07

[18.5-25.0] kg/m? 104,510 (33.4) 38,749 (24.7) 65761 (42.0) 037

[25.0-30.0] kg/m? 138,200 (44.1) 79,415 (507) 58,785 (37.6) 0.6

>30.0 kg/m? 69,036 (22.0) 38,157 (24.4) 30,879 (19.7) 011
Smoke status, n (%)

Never 165,461 (52.9) 75310 (48.1) 90,151 (57.6)  0.19

Previous 117,005 (37.4) 63,475 (40.5) 53,530 (34.2) 0.13

Current 30,520 (9.8) 17,808 (11.4) 12,712 (8.1) 011
Sleep duration group, n (%)

<6 h 13,995 (4.5) 6813 (4.3) 7182 (4.6) 0.01

[6-9] hour 295,388 (94.1) 147,972 (94.2) 147,416 (94.0) 0.01

>9 h 4575 (1.5) 2302 (1.5) 2273 (1.4) 0.00
Physical activity, n (%)

Insufficient 83,046 (32.1) 42,499 317) 40547 (325)  0.03

Sufficient 88,196 (34.1) 44,462 (33.1) 43,734 (35.1) 0.01

Additional 87723 (33.9) 47,298 (35.2) 40,425 (32.4) 0.10
Comorbid disease at baseline,
n (%)

Cardiometabolic disease 88,089 (28.1) 34,792 (22.2) 53,297 (33.9) 0.26

Stroke 4220 (1.3) 1469 (0.9) 2751 (1.8) 0.07
APOE €4, n (%)

Without 231,429 (73.7) 115,751 (73.7) 115,678 (73.7)  0.00

With 82,529 (26.3) 41,336 (263) 41,193 (263)  0.00

“SMD was standardized difference, employed to assess differences between female and male drinkers, with
values exceeding 0.1 considered significant. "The follow-up year showed in mean  standard deviation. “Alcohol

women drinkers.

Table 1: Baseline characteristics of overall current drinkers and comparisons between men and

protective effects in conventional epidemiology
research. Despite this study’s focus on current drinkers
to mitigate “abstainer bias”, MR analysis provided a
supplementary viewpoint to assess the relationship be-
tween alcohol consumption and health outcomes. A
recent study presented findings indicat65ing the
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Fig. 2: Association between alcohol consumption per week and dementia incidence risk among current drinkers. The analyses were
adjusted for demographic and genetic factors, including age, area, socioeconomic status, education level, and the presence of the APOE €4
allele. The 95% confidence interval is indicated by the shaded region. A J-shaped association is apparent for both the overall cohort and male
drinkers, with a non-linear test p-value of 0.04 in each, suggesting a statistically significant pattern. Reference levels of alcohol consumption

were 11.94 units/week for all current drinkers, 16.60 units/week for men, and 8.39 units/week for women. Dashed lines represent the reference

levels and lowest level of alcohol consumption for dementia risk in each models.

absence of genetic evidence for a net protective effect of
moderate alcohol consumption on cardiovascular mor-
tality, despite the presence of a J-shaped association in
conventional epidemiological analysis.”

Our non-linear MR results could not provide any
evidence to support a non-linear association between
alcohol consumption and the incidence of dementia
among current drinkers. The “instrument-free” residual
strata nonlinear MR could assess the shape of the causal
relationship between an exposure and outcome using
individual-level data,"” which has been applied to
confirm the J-shaped relationship between BMI and
cardiovascular disease mortality.” To avoid the collider
bias from simply stratifying on measure exposure, the
“instrument-free” residual strata nonlinear MR calcu-
lates the residuals from regression on measure exposure
on the genetic instrument and undertaking MR analyses
in strata, then evaluates the heterogeneity of the results
among the strata and perform a test for nonlinear re-
lationships. Although it is argued that there may be

some problems with this nonlinear MR method when
exploring the relationship between vitamin D and
mortality.”*° The reason was the residual nonlinear MR
defaults to the distribution of the measured exposure
satisfying a normal distribution to fitting regression
model on the exposure and the genetic instrument. So,
the estimates with this method were biased when
vitamin D distribution was significantly skewed. A new
nonlinear MR with double ranked strata method was
used to deal with the non-normal distribution of expo-
sure.’ The doubly ranked non-linear MR involves
ranking individuals based on the residuals from a
regression of the exposure on the genetic instrument,
thus creating strata without the need for strict para-
metric assumptions about the relationship between the
instrument and the exposure. This process ensures that
within each stratum, the instrumental variable as-
sumptions hold true, facilitating a more reliable explo-
ration of nonlinear or heterogeneous effects.”
Moreover, in our study, we also used alcohol-related

Hazard ratio (95% CI) of dementia

Overall Women
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Fig. 3: Association between genetically predicted alcohol consumption per week and dementia incident risk using non-linear mendelian
randomization analysis among current drinkers. The study utilized a residual-based fractional polynomial method to assess the causal effect
of alcohol consumption on dementia risk by stratifying the sample into 10 groups. The localized average causal effect was determined by
examining the gradient at each point on the curve, with shaded areas representing 95% confidence intervals. The association between
genetically predicted alcohol consumption and dementia risk was statistically evaluated using the overall p-value, while heterogeneity across
strata was assessed using the Cochran Q p-value. A random-effects model was applied if the Cochran Q p-value was less than 0.05.
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liver disease and age as positive and negative control
outcomes to confirm both available residual strata and
doubly ranked strata nonlinear MR to verify the causal
relationship between alcohol consumption and
dementia.

We further performed linear MR analysis and
confirmed the linear causal relationship between
genetically predicted alcohol consumption and dementia
among current drinkers, especially among the women
drinkers. This results is inconsistent with previous two-
sample MR research showed that genetically predicted
alcohol consumption was not associated with demen-
tia."**> One MR study extracted 99 SNPs for alcohol
consumption from the same meta-GWAS with our
study, but only 41f SNP for MR analysis after a series of
refinements, including clumping, proxy searching, and
harmonizing SNPs associated with dementia from a
meta-GWAS including 17,008 cases and 371,154 con-
trols.”” This decrease may lead to a less comprehensive
capture of the genetic predisposition to alcohol con-
sumption, potentially affecting the strength and accu-
racy of the MR analysis. Another only included three
SNPs in MR analysis,”” which may lead to an under-
powered statistical estimation and a high possibility of
false-negative outcomes. Both of these analyses were
based on summary-level data, the heterogeneity of
different data source may also diminish statistical effi-
cacy. Contrastingly, a recent MR study aligned with our
findings, suggesting that any level of alcohol consump-
tion adversely affected brain health and was unlikely to
mitigate Alzheimer’s Disease risk.”> Our findings rein-
force comprehensive linear MR analyses, incorporating
individual-level MR to boost statistical power and
summary-level MR to mitigate overfitting and bias from
sample overlap. These approaches addressed the het-
erogeneity and potential biases, providing a robust
foundation for our conclusions. This multifaceted
approach solidified the evidence base, affirming alcohol
consumption’s detrimental effects on dementia risk
across different methodological frameworks.

Our analyses found a distinctly more significant as-
sociation between alcohol consumption and dementia
risk among women drinkers, a finding that can be
partially explained by the component cause model.** The
2020 Lancet Commission’s identification of various de-
mentia risk factors, such as hypertension and smoking.”
Studies indicated that an integrative healthier lifestyle
(non-smoking, less alcohol consumption, adequate
sleep, physical activity, and a balanced diet) could pre-
vent dementia.* The component cause model posits
that diseases like dementia result from various risk
factors combined to form a sufficient cause. This
framework suggested that alcohol’s impact on dementia
may be more evident in women, who typically had lower
rates of other risk factors, such as smoking, compared to
men. For men, the presence of multiple risk factors
could mask alcohol’s specific effects. A review discusses
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Overall Men Women

Predictive hazard p
ratio (95% Cl)

Individual-level analyses®

Predictive hazard p
ratio (95% Cl)

Predictive hazard p
ratio (95% Cl)

Basic model 2.22 (1.06-4.66) 0.04 174 (0.69-4.44) 024 3.25(0.98-10.8) 0.05
Competing 378 (133-10.8) 001 221 (0.59-830) 024 773 (1.47-40.7) 0.02
risk model

Summary-level analyses”

Inverse 1.89 (1.53-2.32) <0.001 1.52 (1.24,1.86) <0.001 1.83 (1.41,2.36) <0.001
variance
weighted
MR-egger”  2.35 (1.73-3.23) <0.001 2.08 (1.54,2.83) <0.001 1.74 (1.18,2.57) 0.005
Weighted ~ 2.41 (1.76-3.30) <0.001 1.64 (1.19,224)  0.002 213 (1.41321) <0.001
median

“Individual-level analyses used a two-stage least squares regression, employing Alcohol-GS as instruments for
alcohol consumption. The first stage involved linear regression to estimate alcohol consumption (logyo units/
week) from Alcohol-GS, applied with both basic and competing risk models. The second stage utilized a Cox
proportional hazards model to evaluate the association between genetically estimated alcohol levels and
dementia risk in the basic model, with the competing risk model further adjusted for mortality. Adjustments in
both stages included age, sex, assessment centers, genotyping arrays, and the top 20 genetic principal
components. "Summary-level analysis employed instrumental variable (IV) methods, including Inverse Variance
Weighted (IVW), MR-Egger, and Weighted Median, using 95 SNPs related to alcohol consumption as
instruments. A 10-fold MR strategy was used by randomly dividing the UK Biobank (UKB) data into ten subsets.
Each subset was sequentially used to fit the SNPs to alcohol consumption (log;o units/week) through linear
regression, while the other nine subsets were pooled for fitting SNPs to dementia risk with a Cox proportional
hazards model. Adjustments for age, sex, assessment centers, genotyping arrays, and the top 20 genetic
principal components were made in both models. The results from these iterations were meta-analyzed to
estimate the causal effect. “The MR-Egger regression intercepts did not provide evidence of horizontal
pleiotropy in overall (beta (se) = -0.002 (0.02), p = 0.12) and women (beta = -0.0001 (0.002), p = 0.27), but
indicated horizontal pleiotropy in men (beta (se) = -0.004 (0.001), p = 0.004).

Table 2: Linear mendelian randomization analysis for the association between genetically
predicted log-transform alcohol consumption with dementia risk in current drinkers.

differences in susceptibility to dementia based on life-
style factors like smoking, excessive alcohol use, and
poor diet, further emphasizing the importance of a
comprehensive approach to understanding and
addressing the risk factors for dementia.* It points out
that the impact of health conditions on dementia risk
can vary by sex, with women being at a greater risk for
Alzheimer’s disease and men for vascular dementia. A
recent study provided updated estimates on the pro-
portion of Alzheimer’s and related dementias in the US
related to modifiable risk factors.” It also assessed dif-
ferences by sex, finding that the combined population-
attributable risks were higher in men than in women
and varied by race and ethnicity.

Although many studies have found a negative asso-
ciation between light-to-moderate alcohol consumption
and dementia incidence, none of the hypothesized
mechanisms explaining this phenomenon has been
proved.” Presuming the observed benefits of alcohol
consumption on cognitive health still existed after all the
biases were addressed, the benefits may still not be the
result of ethanol but other constituents in alcoholic
beverages, such as flavonoids, resveratrol, and poly-
phenols.” The specific beneficial elements, if there are
any, should be investigated and promoted instead of
alcohol use in general. Ethanol and acetaldehyde (a
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metabolite) are neurotoxic and cause central nervous
system inflammation, reduced numbers, and morpho-
logical changes in hippocampal neurons in animal
models.”” Alcohol can also induce brain atrophy with
neuronal loss, particularly in the frontal cortex,” central
nervous system inflammation and epilepsy, all of which
contribute to dementia risk.*' In a 30-year longitudinal
study, multimodal magnetic resonance imaging (MRI)
showed that even moderate alcohol intake was associ-
ated with adverse brain outcomes including hippocam-
pal atrophy and impaired white matter microstructure.*
In addition, the effect of alcohol on dementia can be
indirect through diseases linked to higher intake of
alcohol and dementia, such as liver and kidney disease,
diabetes, hypertension, coronary heart disease, and
stroke.* ¢ Therefore, research findings concerning
alcohol use need to be interpreted with caution, as
certain conclusions favoring alcohol use may bring
about negative impact on population health in the long
run. Based on the most updated evidence, we tend to
believe that there is no safe level of alcohol consumption
for dementia.

We used a MR study design to assess the causal as-
sociations between genetically predicted alcohol con-
sumption and dementia among current drinkers. This
design could minimize the potential biases due to con-
founding and reverse causality in conventional epidemi-
ology analyses. Application of both linear and non-linear
MR analyses allows for a comprehensive assessment of
the relationship, including the exploration of potential
non-linear effects, thereby addressing the debated pro-
tective impact of light-to-moderate alcohol consumption
on dementia risk. Consistent findings across linear and
nonlinear MR analyses strengthened the evidence for the
causal adverse effects of genetically predicted alcohol
consumption and all-cause dementia.

The results of this study should be interpreted in
conjunction with some limitations. First, our study was
the reliance on self-reported alcohol consumption,
which might introduce bias. Although self-reported data
may be prone to recall inaccuracies, evidence indicates
that such errors do not markedly undermine the validity
of genetic epidemiological associations. A study in the
UK Biobank found significant genome-wide associa-
tions for self-reported alcohol consumption, suggesting
a genetic basis for these self-reports and implicating
genes involved in alcohol metabolism and neurobiology
of substance use.” Second, another limitation to
consider was the change in alcohol consumption over
time. Previous research using data from the Whitehall II
project explored the relationship between changes in
alcohol consumption and dementia risk, finding results
consistent with studies based on a single time point
measurement.” This consistency suggested that
although alcohol consumption patterns may change
over time, the impact on dementia risk remained sig-
nificant, supporting the relevance of our findings. Third,

the use of dementia diagnoses derived from electronic
health records could be seen as a limitation, given the
potential for misclassification. However, only if under
recording occurred more in participants who drink less,
the association observed in this study would be over-
estimated. We found no evidence to support this
assumption. Fourth, UKB was selective, participants
were early-late-life people of European ancestry with
higher average levels of educational attainment and
general health. However, in this study, we performed
sensitivity analyzes that demonstrated the robustness of
our findings. At the same time, many associations
observed in other studies could be replicated in the UK
Biobank, suggesting that selection bias, if existent in
this study, is not greater than that in others. This study
identifies a positive linear causal relationship between
alcohol consumption and dementia among current
drinkers. However, their J-shaped association found in
observational studies is not supported by non-linear
Mendelian randomization analyses. The lower risk of
dementia observed among the light-to-moderate alcohol
drinkers may be due to several epidemiological biases.
We tend to believe that there is no safe level of alcohol
consumption for dementia among current drinkers.
And our study’s focus on White British individuals for
reducing genetic confounding, limits the generaliz-
ability to other racial and ethnic groups. Future research
should include more diverse populations to better un-
derstand the implications of alcohol consumption on
dementia risk. Finally, our analysis was restricted to
current drinkers, which may limit the generalizability of
our findings. By excluding non-drinkers and former
drinkers, we focused on a more homogeneous study
population, aiming to reduce variability and potential
confounding factors related to past drinking behaviors.
However, this approach means our results may not be
applicable to those who have never consumed alcohol or
who have quit drinking due to health reasons or other
factors. Our findings are intended to inform current
drinking behaviors and we do not aim to give any sug-
gestions to non-drinkers.
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